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I N  T H E  I N T E R E S T  O F  M A K I N G  A V A I L A B L E  

A S  M U C H  I N F O R M A T I O N  A S  P O S S I B L E .  



In No. IV of this volune (1926) of the I:Zeitschrift f-kr 

Flugtechnik und Xotorluftschiffahrtl '  there  appeared an a r t i c l e  

"Ueber dten Autogiro von de l a  Ciema,'I** with the experimental 

r e s u l t s  obtained in t?x? Spanish 'laboratory at  Cuatro Vientos, 

which were employed fgr ocz.1alatin.g the f l i g h t  performances of a 

"windmill a i rplane,"  as o:e s'h11 c z l l  i t .  These calculated 

f l i g h t  performances d i f f e i  3~3, so  much, however, from those hi th-  

e r t o  obtained, as t o  give Pise t o  doubts comsrning the correct- 

ness  of the t e s t s  w i t h  models. In  the Spanish report  i t  w a s  

s t a t e d  that the reference surface for the calculat ion of the 

coeff ic ients  ea and cw was the area of all four wings. We sus- 

pected that th i s  mas an e r ror  and that the reference surface w a s  

r e z l l y  the area of a single ving. When we calculated the f l i g h t  

performances on th i s  assumption, which w a s  subsequently found t o  

be  correct,  we obtained much more plausible  resu l t s ,  as, f o r  ex- 

aaF.le, about 90 km (56 miles) per  hour for the  maximum speed. 

In order t o  c l ea r  up the  matter, the model of a w i n d z n i l l  
I1  

airplane (Fig.  1) ITZ,F~ t es ted  in  the Gottingen wind tunnel* -- It 
* "TJntersuchxis t? i rc<r;  FindradfXugzeugs, I t  from "Zei t schr i f t  fur 

Flugtechnik und ~Giiot.~r2uf-tschiffaiil.t," Nov 27, 1926, pp. 483-485. 
** T h i s  a r t i c l e  w a s  essent ia l ly  a Geman t rans la t ion  of an a r t i c l e  
publishad by De L a  Cier-ia i n  "Ingenieria y Construccion" i n  Xarch, 
1924, under the t i t l e  "EnsL?.rJos aerodinamicos de un modelo de 

-- 
I 1  

---- 

autogiro.  If 

\ 
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V=LS similar t o  the Spanish model described i n  No. I V ,  but 

diameter of only 60 cm (23.62 inches). The four wings of pol- 

isiied basswood were f lex ib ly  fastened t o  the spherical hub by 

m e a n s  of p l a t e  springs, so that the l a t t e r  could assme the di- 

r e c t i m  of the resul tant  of the l i f t  and centr i fugal  force. 

Each wing was 24 cm (9.45 i n . )  long and 4.4 crn (1.73 i n . )  wide, 

Once the symmetrical p ro f i l e  423 (corresponding to t he  Spanish 

t e s t )  was used, and the cther  t h e  the canbered p r o f i l e  387- 

In order t o  be able t o  hold the w9ndmilI. in  the tunnel, i t s  

a x i s  w a s  fastened t o  a T-shaped support extending in  the direc- 

tiion of the a i r  s t y c m .  

vid-ed into degrees, tht: axgie o€ cttstck of the windmill p l m e  

could be varied between a = 0 and 90°. The angle of a t t ack  of 

t he  p ro f i l e  chord with refezence t o  the windmill plane is desig- 

nated by fL 

'K'!:'-th t5e a id  of a circillar guide, di- 

The po la r  and torque curves were plot ted f o r  several  d i f fe r -  

ent  angles of a t t a o k  B e  
whole course of a polar curve the most constant possible  index 

value (product of the chord and re la t ive  a i r  speed), the rota- 

tional. speed was kept arj constant as possiGle, by suitably ad- 

ju s t ing  the vind velocity.  

In order t o  obtain throughout the 

The resis tance of ti-,= T-support and spherical  hub was sub- 

t rac ted  from the measured velues, so that the resis tance values 

given in  the accmnpanying tables  represent only the drag of the 

revolving wings 



The fol loning consideration was decis ive f o r  the caJ.culati 

tke Yoeffici n t s  ca, c, a3d cm. Our v 

m i l l  rs-mlving a t  low s7red. In windmiils it 

determine the resis tance f o r  the whole c i r c l e  znd, i n  

i s  true t’mt 

ni tude of 1, eith.er for a s v i f t  runner wlth only 8 few narrow 
cw at id l ing  speed i s  almys of t he  order of mag- 

wings o r  a slow runner v i t h  many wide wings. 

sumption, hovever, that the wings a r e  s e t  a t  the most favorable 

It i s  a natural  as- 

angle  of a t tack  f o r  u t i l i z i n g  the vin& energy ( s a a l l e r  f o r  s r i f t  
, 
runners and larger f o r  slow runners). 

case cw is  therefore  indepencient of the area of the nlngs. It 

may be assumed that a similar pr inciple  appl ies  t o  the l i f t ,  so  

that it seems justifiable, even f o r  windmill wings, t o  aCopt the 

whole c i r c l e  as the reference area. Hence ve have 

In th i s  most favorable 

The reference a x i s  f o r  the longitudinal moment H i s  the 

la te ra l  a x i s  passing through the center of the windmill. 

reference length i s  the  radius 

The 

R. 

The revolution speed ms recorded by tho small. revolution 

counter shorn i n  Fig. 1, and s ta ted i n  the form of the r a t i o  

u/v (u being the peripheral  speed a t  the ving t i p s  and v the 

wind velocity) e 

A t  zero angle of attack no aensuremmt could be made, since 



the  revolution speed fell .  t o  zero. Thereby the t 

by the  mind, s.0 tht the springs repeatzdly broke. 

Marsover, in one respect, the r?ltechanicsl sirnil 

tbe  model and tke  ful l -s ized machine could not be a t  

a ful l -s ized 'leutogirott the wing moving against  the wind is ap- 

preciably elevated. During this elevation the angle of a t t ack  

i s  Gkninished and during t h e  succeeding depression it is in- 

creased. Since the wing model is r e l a t ive ly  Ruth heavier than 

t h e  full-sized wing, tile r a t i o  of the centr i fugal  force  t o  the  

l i f t  is much grea te r  and consequently, i n  t he  experiment, there  

was scarcely a.ny noticesble elevation of the wing moving a,gainst 

the m i i i d .  It i s  probably s a f e  t o  assume, however, tha t  the re- 

s u l t  i s  not great ly  a f fec tea  thereby. 

The l a t e r a l  nicrxent, which is mt-asally of great importance, 

s ince  the l i f t  is uni la ter81,   as not simultaneously measuree. 

Wi.th t h i s  the above-mentioned departure from mechanical similar- 

i t y  would probably hatre been noticeable. 

In Fig .  2, a few polar  curves are  plot ted f o r  d i f fe ren t  an- 

The improvement in  the polars f o r  p r o f i l e  gles  of a t tack  @. 
429 i s  not ic  b le  Then i s  changed from -4'to 0.5O-  There i s  

here an optimm, which is  alkeady exceeded a t  f3 = - 0.5'. 
ascending bFanch of %he polar up t o  a = 29.9' 

b e t t e r  than for 13 = ,- Z0, but, a f t e r  t h i s  angle of a t t ack  i s  ex- 

ceeded, an abrupt drop i n  the revolution speed occurs, and conse- 

quently the l i f t  and drag both decrease in  the same ra t io ,  It is 

The 

i s  indeed s t i l l  
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t’nerzfore o’mrious k h a t ,  even f e r  J, windmill a i rplane,  aith an un- 

faT2rab’le L/d.j:l.st-;11xri ~f t h e  wingu, th.>?l\r- a.?.~ be dznger of sta. 

ing acd pancaking.. ’The b e s t  cf C:IC: : :L->.e~si 1,~fi7*;:” was ob 
s . 5  by usiag p r o f i l e  387 - , y i t h  B = .- b . J *  

The Spanish result is p l o t t s d  vi-bh a J3,c3s93 l i ce .  It aqrees 

very  well  w i t h  our polar f o r  p ro f i l e  429 T i t h  

shows a greater  drag. 

B = - 2’, but 

The coeff ic ients  i n  Eo. 4. of Z.F.M* (1926) 

must be divided by 21.1, in  order  t o  convert it from t he  areit of 

one vfng t o  thct of the l:!hole circle. The polas  cusve f o r  a cir-  

cular  d i s k  is  also plot ted f o r  coroparison. 

The following tsbles  yive the resu l t s  of the three best  ex- 

I. Wings n i t h  Prof i le  no. 337 p = -2 0 . - ---- I_c 

I 
100 c, G 

_I--- 

4 c 2 

9 * 8  
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39.7 
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59.7 
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79.9 
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13.3 

29.9 

62.0 

73.0 
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60.0 

50.9 

33.3 

19.6 

0 

3.29 -1.81 
I 

-2 42 

-3.68 

-3.94 50.8 
I 

64.6 1 -3.68 
I 

213.1 8-21 I 
i 

E l . 2  I -2.62 
! 

96.9 ! I -2.49 

10s. 0 1 -2.59 

110.3 I -1.68 

110.3 i o  i 

n 
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1429 

1610 
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1777 

1845 
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1936 
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1922 

2*15 

3.17 

40 58 

5.06 

5.16 

5.40 

5.46 

5.51 

5.46 

5.42 - 



The vind TielQcities mpicyed i n  t h i s  'experiment m n  

caiculatsd from n and! u / v .  They vary  bet:veen 10 

( .32'8-G5.6 ft4) psz sec.  

was taken as the  basis of calculat ion f o r  a rrindxill  e-irplane. 

The Sam2 data sere zssumd as i n  No. 4 of Z p F ' * M w  (1926). 

The p ~ ~ a r '  f ~ r  p m f L e  387, f3 = - Z 0 ,  

- 
a 

9.9 

- 
I 100 ca 100 C7.J I 3.00 *' 
1 

16.3 I 44.13 I ' -1-70 

I = -  0.5°e 

2360 

2230 

19 10 

2200 

1765 

7 40 

623 

970 

8 44 

u/v 

2-77 

4.60 

5-10 

5.43 

4.39 

2.67 

2.09 

0.95 

1.47 

1.67 
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' T ~ G  yJmpe13.er: efficiency m s  estimated at q = 65%- The 

C Y C ~  i c i w c  02 +,he induced drag fo r  fuselage, landing gear, e t c -  , 
m u u t ,  s ince our r e f e x n c e  surface is very large, be correspond- 

i n g ? , ~  sxX17, a d  call be  put at 

ca'sculaf ;:d. t k  speed for Loxi-Lontal f 1 ight- 

100 cw = 0.66. Therepith m s  

I--- 
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t h e  corresponding engine porrer 

the  possible c l iabing spsed 

v i t h  the avai lable  engine pover of 120 Eip., md plo t ted  against  

ca in  Fig. 3. The speed of the horizontzl  f l i g h t  jus t  before 

landing, which depends on ca 

r7hi le  the speed rmge c t t z inab le  y i t h  2.20 I - .  is  14.26 in (46-85 

f t . )  per sec., o r  a rni.?ximum of 9 4  kiloizeters (58.4 miles) per 

hour: The raximum climbing speed is 1.85 yr? (3.44 ft.) per see.. 

is 13.5 rn (44 .3  f t . )  per sec. ,  
. *  

The smm 3s f o r  any other  airplane,  the landing speed c a n  

 robab ably be fu r the r  diminished by a su i tab le  r i s i n g  j u s t  before 

lanll_l.ilg. Iimediately a f t e r  landing, the speed vi11 be rapidly 

diYniili8hed by  the great resistance.  

Since it  i s  an especial  advantage of a aindmill: a i rplene 

that  5 t  can land almost ver t i ca l ly ,  we vi11 b r i e f l y  d-iscuss the 

conditjclns i n  gl iding f l i g h t .  In Fig.  4 ve have plot ted,  against  

the angle of a t tnck ,  t'he speed on the ' inc l ined  path of glide 

= J. . G m/s ; - CT F 2 

i t s  ve r t i ca l  component;, the  sinking speed,. 

( i n  rvhich cr i s  the  resul tant  of ca and cw ges ) and the  



r a t i o  ca/cX7 ges, which deternines the slope of the  gl ide,  For  

the  minimum sinking speed 

ca/cw aes 2 2.8 

Os = 517 M (28 .7  f t * )  pe r  set.) 

corresponding t o  a slope of 19-20°. A steeper 

descent is probably possible, in so far as tke control  is  not too 

g rea t ly  izpaired thereby, but, due t o  the great  s inking speed of 

about 10 m (33 ft.) pes  see., only when a timely t r ans i t i on  is 

made t o  nearly horizontal  g l id ing  f l igh t , .  De I n  Cierva himself 

tvrit3s that, i n  his s ix th  airplane,  he brought the  center of 

gravzty kn rtdvance of the center of lif%, so  that ;  i n  case of 

s t a l l i n g ,  t he  a i rp lane  nould cu tomt i i . a l ly  t i p  forward. 

Even i d t h  a vindmill a i rplane,  t h w G  i s  a poss ib i l i t y  of 

diving, a s  i s  obvious from the descripti.ox of t he  experiment. 

If the  crlngle of a t t a c k  is suddenly reducd.  t o  zero, the revolu- 

t i o n  speed and consequently the  l i f t  are immedia2;ely much dimin- 

ished. The r e s u l t  i s  a Give, which may possibly be t emina ted  

by r igh t ing  the airplane.  

The object of t h i s  a r t i c l e  is  t o  recall the optimism, which 

hzs repeatedly manifested i t s e l f  l a t e ly ,  to a more reasonable 

sta. tus.  This new kind of a i r c r a f t ,  i n  s p i t e  of i t s  high power 

requirement, w i l l  doubtless serve many spec ia l  purposes, on ac- 

count of i t s  low landing speed, easy con t ro l l ab f l i t y  and insen- 

s i t i v i t y  t o  gustB4 I t  is a l s o  possible that ,  through some 

chamge i n  the  shnpe of the wings, a l i t t l e  fu r the r  improvement 

co.n yet be a t t a ined  in  i t s  f l i g h t  perforrnanoes, but the essent ia l  

po in t s  have probably been covered by the above researches. 

Translation b y  ih igb t  lJ* Xtner, 
National Au-"riaory Committee f o r  Aeronautics. 
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